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INTRODUCTION 

~ i g r a t i  on'  of Paci f ic  herring (Clupea harengus pal  l a s i )  in the  eas tern  Bering Sea 
was f i r s t  described during Soviet research in support of the  Soviet d i rected 
herring f i s h e r i e s  in the ear ly  1960's (Dudni k and Us01 ' t sev  1964, Rumyantsev and 
Darda 1970). Subsequent records of the  location of Japanese di rected herring 
f i she r i e s  summarized in NPFMC (1983) and by Wespestad and Barton (1979) 
supported the two major migration pat terns  observed by the Soviets .  During June 
and July ,  a  southwestward movement of herring was observed in the northern 
Bering Sea, from Norton Sound t o  Nunivak Island (Figure 1 ) .  I n  Bristol  Bay, 
Japanese vessels  followed herring moving along the  A1 aska Peninsula during the  
summer months, heading offshore from Unimak Island along the continental  shel f  
edge t o  the  northwest in l a t e  summer. I t  was commonly hypothesized t ha t  stocks 
from b o t h  the northern and southern coasts  of western Alaska shared a  common 
wintering ground northwest of the Pr ib i lo f  Islands (Wespestad and Barton 1979). 
Soviet and Japanese commerci a1 vessel s  exploited 1  arge concentrations of herring 
during the  1960's near the continental shel f  edge between the Pr ibi lof  Islands 
and S t .  Matthew Island from October through March. Foreign di rected f ishing fo r  
herring ended i n  1980. After t h a t  time herring became a  prohibited species and 
foreign f l e e t s  no longer tracked the  movements of herring in the  Bering Sea. 

Stock iden t i f i ca t ion  s tudies  were conducted t o  determine the  o r ig ins  of herring 
captured in a  food/bait f i shery  near Dutch Harbor in July and  August. These 
s tudies  es tabl ished t h a t  most of the  herring in t h i s  area were Togiak spawning 
stocks (Rowel1 1986, Rogers and Schnepf 1985, Rogers e t  a l .  1984, Walker and 
Schnepf 1982). 

Spawning locat ions  of herring in the  eastern Bering Sea have been generally 
well-documented since the beginning of the Bering Sea herring sac roe herring 
f i she r i e s  in 1978. Other t h a n  the l imited stock iden t i f i ca t ion  s tud ies  of the 
Dutch Harbor food/bait f i shery ,  information about the  herring migration a t  other 
times of the  year has not been avai lable  since the  cessation of foreign di rected 
f ishing f o r  herring.  

Observer records of herring caught incidental t o  foreign and j o in t  venture 
groundfish trawling provide another source of information about the  timing and 
location of herring migration. The NPFMC has required a  high level  of observer 
sampling of foreign and jo in t  venture groundfish harvests s ince  1983. This 



paper examines t h e  r a t i o  of t h e  weight  o f  t h e  h e r r i n g  c a t c h  t o  t h e  t o t a l  weight 
of t h e  g r o u n d f i s h  c a t c h  i n  o b s e r v e r  r e c o r d s  from P a c i f i c  cod (Gadus 
macrocepha7us) and p o l l o c k  (Theregra cha7cogramma) bottom t r a w l  tows,  i n  o r d e r  
t o  d e f i n e  an index o f  h e r r i n g  abundance. The index i s  used t o  de te rmine  t h e  
t iming  and l o c a t i o n  of h e r r i n g  s t o c k s  d u r i n g  t h e i r  annual m i g r a t i o n .  T h i s  index 
would be expec ted  t o  f l u c t u a t e  wi th  g r o u n d f i s h  d e n s i t y  a s  well  a s  wi th  h e r r i n g  
d e n s i t y .  However, because t h e  h e r r i n g  m i g r a t i o n  i s  a  re1 a t i v e l y  d i s t i n c t  
phenomenon, t h e  index i s  s u f f i c i e n t  t o  d e l i n e a t e  t h e  genera l  movements of 
h e r r i n g  s t o c k s  d u r i n g  t h e  annual m i g r a t i o n .  Also ,  o v e r  t h e  1983 through 1988 
p e r i o d ,  t h e  abundance o f  both h e r r i n g  and g r o u n d f i s h  s t o c k s  was r e l a t i v e l y  
c o n s t a n t .  

METHODS 

The w e i g h t s  o f  h e r r i n g  bycatch and t o t a l  g r o u n d f i s h  c a t c h e s  were recorded  by 
o b s e r v e r s  aboard j o i n t  v e n t u r e  and f o r e i g n  g r o u n d f i s h  v e s s e l s  from 1983 through 
1988. These d a t a  were summarized by month, 1/2" l a t i t u d e  by 1 "  l o n g i t u d e  a r e a ,  
and t a r g e t  f i s h e r y  c a t e g o r y .  T a r g e t  f i s h e r y  c a t e g o r i e s  were a r b i t r a r i l y  
a s s i g n e d  i n  t h e  o b s e r v e r  r e c o r d s  based on t h e  s p e c i e s  composi t ion o f  t h e  c a t c h ,  
us ing  c r i t e r i a  e s t a b l i s h e d  by t h e  NMFS o b s e r v e r  program. The o b s e r v e r  r e c o r d s  
used f o r  t h i s  s t u d y  were p r i m a r i l y  from p o l l o c k  and cod bottom t r a w l s ,  us ing  t h e  
NMFS-designated c a t e g o r i e s  " p o l l o c k  bottom t r a w l "  and " o t h e r  bottom t r a w l " .  
Trawl tows i n  t h e s e  t a r g e t  c a t e g o r i e s  were d e f i n e d  a s  c o n s i s t i n g  o f  l e s s  t h a n  
20%Atka mackere l ,  l e s s  than  20% f l a t f i s h ,  and l e s s  t h a n  95% p o l l o c k .  Tows with  
g r e a t e r  than  95% p o l l o c k  a r e  ass igned  t o  a  midwater t r awl  c a t e g o r y  by t h e  NMFS 
c r i t e r i a .  Because p r e l i m i n a r y  a n a l y s e s  showed t h a t  midwater t r awl  bycatch r a t e s  
were s u b s t a n t i a l l y  l e s s  t h a n  bottom t r a w l s ,  t r a w l  tows from t h e  midwater t r awl  
c a t e g o r y  were n o t  used.  Because l i t t l e  d i f f e r e n c e  i n  h e r r i n g  bycatch r a t e s  was 
found between t h e  "pol l o c k  bottom t r a w l "  and " o t h e r  bottom t r a w l "  c a t e g o r i e s ,  
tows from both o f  t h e s e  c a t e g o r i e s  were combined. 

A h e r r i n g  bycatch r a t e  index was computed by d i v i d i n g  t h e  observed h e r r i n g  c a t c h  
f o r  each month and 1/2" l a t i t u d e  by 1" l o n g i t u d e  a r e a  from 1983 through 1988 
by t h e  t o t a l  observed g r o u n d f i s h  c a t c h  f o r  t h e  same a r e a  and p e r i o d .  The 
r e s u l t i n g  bycatch r a t e s  by l a t i t u d e ,  l o n g i t u d e  and month comprised a  g r i d  t h a t  
covered much o f  t h e  Bering Sea i n  most months. 

The a r e a  o f  s t u d y  was r e s t r i c t e d  t o  160" W .  t o  1 8 0 V o n g i t u d e  and 51" N .  t o  61" 
N .  l a t i t u d e .  Although some f l a t f i s h  t r a w l i n g  o c c u r s  e a s t  o f  160" W . ,  l i t t l e  
p o l l o c k  and cod bottom t r a w l i n g  o c c u r s  e a s t  o f  t h i s  l o n g i t u d e .  L i t t l e  
g r o u n d f i s h  t r awl  ing  e f f o r t  occur red  n o r t h  o f  61" i n  t h e  w i n t e r  months, a1 though 
h e r r i n g  d i d  appear  t o  occur  i n  t h i s  a r e a .  For each month, t h e  g r i d  o f  h e r r i n g  
bycatch r a t e s  was smoothed by d i s t a n c e  weighted l e a s t  squares1  t o  a i d  i n  t h e  
i n t e r p r e t a t i o n  o f  m i g r a t o r y  p a t t e r n s .  These d a t a  were p l o t t e d  a s  a  3-  

'The SYSTAT/SYGRAPH d i s t a n c e  weighted 1  e a s t  s q u a r e s  a l g o r i t h m  was used f o r  
smoothing,  wi th  a  t e n s i o n  parameter  (we igh t ing)  equal t o  t h e  i n v e r s e  o f  t h e  
number o f  1/2" l a t i t u d e  by l o  l o n g i t u d e  s q u a r e s  c o n t a i n i n g  bycatch r a t e s  f o r  a 
g iven month o v e r  t h e  1983-1988 p e r i o d  (SYSTAT 1988) .  
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dimensional  s u r f a c e ,  wi th  t h e  v e r t i c a l  a x i s  r e p r e s e n t i n g  t h e  bycatch r a t e .  In 
o r d e r  t o  b e t t e r  d e f i n e  t h e  l o c a t i o n  o f  t h e  h e r r i n g  m i g r a t i o n  w i t h  r e s p e c t  t o  t h e  
NPFMC's management a r e a s  ( F i g .  2 ) ,  t h e  bycatch r a t e  d a t a  were a l s o  p l o t t e d  a s  
a  c o n t o u r  s u r f a c e .  Graphs o f  t h e s e  s u r f a c e s  f o r  each month were used t o  
d e l i n e a t e  t h e  average  d i s t r i b u t i o n  o f  h e r r i n g  i n  t h e  e a s t e r n  Ber ing Sea o v e r  t h e  
1983 through 1988 p e r i o d .  

In some months few tows were made i n  some l / Z O  l a t i t u d e  by l o  l o n g i t u d e  a r e a s .  
Bycatch r a t e s  computed from a r e a s  and months wi th  small  sample s i z e  may no t  be 
r e p r e s e n t a t i v e  o f  a c t u a l  h e r r i n g  abundance. To d e p i c t  t h e  sample s i z e  on which 
t h e  bycatch r a t e s  a r e  based,  t h e  magnitude o f  t h e  observed t o t a l  g r o u n d f i s h  
c a t c h  i n  each s q u a r e  was i n d i c a t e d  by shad ing .  

RESULTS AND DISCUSSION 

The p a t t e r n  o f  observed h e r r i n g  bycatch r a t e s  i n  t h e  s o u t h e a s t e r n  Bering Sea 
s t r o n g l y  suppor ted  t h e  c lockwise  m i g r a t o r y  p a t t e r n  i n f e r r e d  from e a r l i e r  s t o c k  
i d e n t i f i c a t i o n  s t u d i e s  and S o v i e t  and Japanese  r e s e a r c h .  During J a n u a r y ,  
h e r r i n g  bycatch was a lmost  n o n e x i s t e n t  ( F i g  3 ) .  However, a lmost  no d a t a  were 
a v a i l a b l e  f o r  t h e  month o f  January  from t h e  h e r r i n g  w i n t e r i n g  grounds nor thwes t  
of t h e  P r i b i l o f  I s l a n d s ,  a s  i n d i c a t e d  by t h e  shading i n  t h e  bottom panel o f  
F igure  3 .  The occur rence  o f  s u b s t a n t i a l  t r a w l i n g  e f f o r t  a long  t h e  Alaska 
Pen insu la  coupled wi th  no h e r r i n g  bycatch s t r o n g l y  s u g g e s t s  t h a t  no h e r r i n g  
o v e r w i n t e r  i n  t h e  sou thern  Bering Sea.  In February ( F i g .  4 )  t h e  observed 
f i s h i n g  e f f o r t  s h i f t e d  northward.  A few v e s s e l s  f i s h e d  southwest  o f  S t .  Matthew 
I s l a n d  and recorded  high h e r r i n g  bycatch r a t e s ,  c o n s i s t e n t  wi th  t h e  e a r l i e r  
r e p o r t s  o f  t h e  h e r r i n g  w i n t e r i n g  l o c a t i o n  i n  t h i s  a r e a .  S u b s t a n t i a l  bottom 
t r a w l i n g  e f f o r t  a long  t h e  c o n t i n e n t a l  s h e l f  edge from t h e  P r i b i l o f  I s l a n d s  s o u t h  
t o  Unimak Pass  r e s u l t e d  i n  a lmost  no h e r r i n g  bycatch.  In March and Apr i l  ( F i g s .  
5 ,  6 ) ,  a lmost  no h e r r i n g  bycatch was r e p o r t e d ,  a l though  t h e r e  was ve ry  l i t t l e  
e f f o r t  i n  t h e  a r e a  o f  t h e  h e r r i n g  w i n t e r i n g  grounds.  During t h e  May h e r r i n g  
spawning p e r i o d  h e r r i n g  bycatch r a t e s  were aga in  ve ry  low ( F i g .  7 ) ,  e x c e p t  f o r  
some moderate bycatch j u s t  n o r t h  o f  t h e  P r i b i l o f s .  Th i s  cou ld  be due t o  
immature j u v e n i l e  h e r r i n g  t h a t  remain on t h e  w i n t e r i n g  grounds y e a r  round a s  
sugges ted  by Rumyantsev and Darda (1970) .  Peak h e r r i n g  spawning f o r  t h e  l a r g e  
Togiak s t o c k  o c c u r r e d  d u r i n g  e a r l y  t o  mid-May. In June ,  high h e r r i n g  bycatch 
r a t e s  were r e p o r t e d  a long  t h e  Alaska Pen insu la ,  southwest  o f  P o r t  Mol le r  ( F i g .  
8 ) .  F i s h i n g  e f f o r t  d u r i n g  June covered much o f  t h e  Bering Sea ,  wi th  l i t t l e  
h e r r i n g  bycatch r e p o r t e d  e l sewhere .  By J u l y ,  most o f  t h e  high h e r r i n g  bycatch 
r a t e s  s h i f t e d  t o  t h e  "horseshoe"  a r e a  just n o r t h  o f  Unimak Pass  ( F i g u r e  9 ) ,  
where t h e  100 fathom c o n t o u r  c r e a t e s  a "horseshoe"  shape.  The d i s t r i b u t i o n  o f  
bycatch r a t e s  i n d i c a t e s  t h a t  o f f s h o r e  movement toward t h e  Pr i  b i l o f s  has a1 ready  
begun i n  J u l y ,  wi th  moderate bycatch r a t e s  r e p o r t e d  t o  t h e  n o r t h  o f  t h e  Pr i  b i l o f  
I s l a n d s .  Again,  t h e  widespread d i s t r i b u t i o n  o f  f i s h i n g  e f f o r t  i n d i c a t e s  t h a t  
few h e r r i n g  a r e  found i n  o t h e r  a r e a s .  By August, h e r r i n g  bycatch was r e l a t i v e l y  
high a long  t h e  e n t i r e  c o n t i n e n t a l  s h e l f  edge ( F i g .  l o ) ,  wi th  high bycatch r a t e s  
c o n t i n u i n g  i n  t h e  horseshoe a r e a .  By September,  bycatch r a t e s  i n  t h e  horseshoe 
a r e a  d e c l i n e d ,  and t h e  a r e a  nor thwes t  of t h e  P r i b i l o f s  became t h e  dominant a r e a  
o f  h e r r i n g  bycatch ( F i g .  1 1 ) .  Sampling e f f o r t  c o v e r s  a  wide a r e a  o f  t h e  Bering 



Sea, with good coverage along the  e n t i r e  continental  she l f  edge. In October, 
desp i t e  a  l a rge  amount of e f f o r t  in the  horseshoe a rea ,  no herr ing bycatch was 
reported (Fig .  1 2 ) .  Herring bycatch was reported from t h e  immediate v i c i n i t y  
of the  P r ib i lo f  Is lands and from the  area  southwest of S t .  Matthew Is land.  
Sampl ing coverage i s  adequate along most of the  continental  she l f  edge. I n  
November, herr ing bycatch was low except f o r  the  area southwest of S t .  Matthew 
Is land,  with good sampling coverage over most of the  continental  she l f  edge 
(Fig .  13) .  In December, some very high bycatch r a t e s  were reported southwest 
of S t .  Matthew Island (Fig.  14) .  Sample s i z e  was small however, so t h a t  the  
da ta  a r e  best  in t e rp re ted  as indica t ing  the  presence of herr ing .  Further 
quan t i f i ca t ion  of the  herr ing bycatch r a t e  may n o t  be appropriate when sample 
s i z e s  a r e  small.  

The herr ing migration in the  southern Bering Sea appears t o  be a  d i s c r e t e  
phenomenon in time and space. The d i s t r i b u t i o n  of herr ing i s  unlike t h a t  of 
o ther  prohibi ted  species such as crab  and h a l i b u t ,  which tend t o  have much 
broader d i s t r i b u t i o n s  over a  wider range of time. Because herr ing occupy areas 
along the  migration route  f o r  only r e l a t i v e l y  shor t  periods,  herr ing  should be 
e a s i e r  f o r  groundfish t rawlers  t o  avoid than o ther  prohibi ted species .  

The sporadic occurrence of high bycatch r a t e s  on the  wintering grounds i s  
cons i s t en t  with the  locat ions  of t h e  e a r l i e r  Soviet  and Japanese d i rec ted  
f i s h e r i e s .  Because sampl'e s i z e s  during the  winter months in these  areas were 
small ,  high herr ing bycatch r a t e s  only occur occasionally in the  aggregated 
data .  

These data  provide l i t t l e  information on the  migration of the  nor ther ly  
component of herr ing stocks which spawn from Norton Sound t o  Etol in S t r a i t .  
Groundfish trawling e f f o r t  in the  area north and e a s t  of the  herr ing wintering 
grounds t h a t  would in te rcep t  these  s tocks  was very low from 1983 through 1988. 

The movement of herr ing offshore from the  horseshoe area occurred e a r l i e r  than 
previously reported.  I t  appears t h a t  t h i s  movement begins in J u l y ,  and t h a t  
subs tan t i a l  numbers of herr ing a r e  in the  area northwest of the  P r ib i lo f  Is lands 
by August. 

CONCLUSIONS 

1. Herring bycatch r a t e s  from 1983-88 j o i n t  venture and foreign bottom trawling 
f o r  Pac i f i c  cod and pol lock s t rongly  support the  previous Soviet  and Japanese 
hypothesis of a  clockwise migration of herr ing around the  southern Bering Sea, 
with a  wintering ground northwest of the  P r ib i lo f  Is lands .  

2 .  Herring stocks migrate along the  Alaska Peninsula during the  summer months, 
appearing in the  Port Moller area in e a r l y  t o  mid-June. 

3 .  Offshore movement from the  Unimak Pass "horseshoe" area t o  the  P r i b i l o f s  
begins as e a r l y  as Ju ly ,  and i s  complete by mid-September. 

4.  Bycatch r a t e s  were extremely low along the  Alaska Peninsula except f o r  the  
summer months, indica t ing  t h a t  a l l  herr ing stocks winter  of fshore .  



5 .  The h e r r i n g  m i g r a t i o n  i s  a  r e1  a t i v e l y  d i s c r e t e  phenomenon. A t  any one t ime,  
h e r r i n g  s t ocks  occupy o n l y  a  smal l  p r o p o r t i o n  o f  t h e  Be r i ng  Sea. 
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Figure 1. Summer and autumn migration routes to winter grounds. Large solid 
arrow: area of reappearance in offshore waters as determined by 
Soviet research and Japanese catches. Large open arrow: area of 
autumn reappearance in offshore waters reported from Soviet 
research. Small arrows: possible summer feeding routes and autumn 
migration routes (from Wespestad and Barton 1979). 



IS, 
s

 

IS, 
c
 



Figure  3 .  January  h e r r i n g  and g r o u n d f i s h  c a t c h  d i s t r i b u t i o n s .  Upper pane l :  
h e r r i n g  bycatch r a t e  by f o r e i g n  and j o i n t  v e n t u r e  p o l l o c k  bottom 
t rawl  and " o t h e r "  bottom t r a w l  ( p r i m a r i l y  P a c i f i c  cod)  g e a r s ,  
averaged from 1983 through 1988, by 1/2O l a t i t u d e  by l o  l o n g i t u d e  
a r e a ,  smoothed by d i s t a n c e - w e i g h t e d  l e a s t  s q u a r e s .  Lower p a n e l :  
Nat ional  Marine Fi s h e r i  e s  S e r v i c e  regu l  a t o r y  r e p o r t i n g  a r e a s  (511 - 
540) ,  c o n t o u r  1 i n e s  o f  h e r r i n g  bycatch r a t e s  from t h e  upper p a n e l ,  
and t h e  d i s t r i b u t i o n  o f  observed f o r e i g n  and j o i n t  v e n t u r e  observed 
c a t c h e s  f o r  p o l l o c k  and " o t h e r "  bottom t r a w l s  from 1983-1988 
(shaded a r e a s ) .  



Figure  4.  February h e r r i n g  and g r o u n d f i s h  c a t c h  d i s t r i b u t i o n s .  Upper panel : 
h e r r i n g  bycatch r a t e  by f o r e i g n  and j o i n t  v e n t u r e  p o l l o c k  bottom 
t rawl  and " o t h e r "  bottom t r a w l  ( p r i m a r i l y  P a c i f i c  cod)  g e a r s ,  
averaged from 1983 through 1988, by 1/2" l a t i t u d e  by l o  l o n g i t u d e  
a r e a ,  smoothed by d i s t a n c e - w e i g h t e d  1  e a s t  s q u a r e s .  Lower panel : 
National  Marine F i s h e r i e s  S e r v i c e  r e g u l a t o r y  r e p o r t i n g  a r e a s  (511- 
540) ,  c o n t o u r  l i n e s  o f  h e r r i n g  bycatch r a t e s  from t h e  upper p a n e l ,  
and t h e  d i  s t r i  but  ion of observed f o r e i g n  and j o i n t  v e n t u r e  observed 
c a t c h e s  f o r  p o l l o c k  and " o t h e r "  bottom t r a w l s  from 1983-1988 
(shaded a r e a s ) .  



Figure  5.  March h e r r i n g  and g roundf i  sh c a t c h  d i s t r i b u t i o n s .  Upper panel : 
h e r r i n g  bycatch r a t e  by f o r e i g n  and j o i n t  v e n t u r e  pol 1 ock bottom 
t rawl  and " o t h e r "  bottom t rawl  ( p r i m a r i l y  P a c i f i c  cod)  g e a r s ,  
averaged from 1983 through 1988, by l / Z O  l a t i t u d e  by l o  l o n g i t u d e  
a r e a ,  smoothed by d i  s t ance-weigh ted  l e a s t  s q u a r e s .  Lower panel : 
National  Marine F i s h e r i e s  S e r v i c e  r e g u l a t o r y  r e p o r t i n g  a r e a s  (511- 
540),  c o n t o u r  1 i n e s  o f  h e r r i n g  bycatch r a t e s  from t h e  upper p a n e l ,  
and t h e  d i s t r i b u t i o n  o f  observed f o r e i g n  and j o i n t  v e n t u r e  observed 
c a t c h e s  f o r  p o l l o c k  and " o t h e r "  bottom t r a w l s  from 1983-1988 
(shaded a r e a s ) .  



F igu re  6. A p r i l  h e r r i n g  and g r o u n d f i s h  ca t ch  d i s t r i b u t i o n s .  Upper panel  : 
h e r r i n g  bycatch r a t e  by f o r e i g n  and j o i n t  ven tu re  p o l  1  ock bot tom 
t r a w l  and " o t h e r "  bot tom t r a w l  ( p r i m a r i l y  P a c i f i c  cod) gears ,  
averaged f rom 1983 th rough  1988, by l / Z O  l a t i t u d e  by lo l o n g i t u d e  
area, smoothed by d i  s tance-weighted 1 eas t  squares. Lower panel : 
Na t i ona l  Mar ine F i s h e r i e s  Se rv i ce  r e g u l a t o r y  r e p o r t i n g  areas (511- 
540), con tour  l i n e s  o f  h e r r i n g  byca tch  r a t e s  from t h e  upper panel ,  
and t h e  d i s t r i b u t i o n  o f  observed f o r e i g n  and j o i n t  ven tu re  observed 
catches f o r  p o l l o c k  and " o t h e r "  bot tom t r a w l s  f rom 1983-1988 
(shaded a reas) .  



Figure 7 .  May he r r ing  and groundfish ca tch  d i s t r i b u t i o n s .  Upper panel : 
he r r ing  bycatch r a t e  by fo re igh  ahd j o i n t  venture  pol lock  bottom 
trawl and "o ther"  bottom trawl'  ( p r imar i ly  P a c i f i c  cod) g e a r s ,  
averaged from 1983 through 1988, by l / Z O  1at i tud.z  by 1"  longi tude  
a r e a ,  smoothed by dis tance-weighted l e a s t  squares .  Lower panel :  
National Marine F i s h e r i e s  Serv ice  regul a to ry  r epo r t ing  a reas  (511- 
540), contour  1 i nes  of  he r r ing  bycatch r a t e s  from t h e  upper pane l ,  
and t h e  d i s t r i b u t i o n  of observed fo re ign  and j o i n t  venture  observed 
ca tches  f o r  pol lock and "o ther"  bottom t r awls  from 1983-1988 
(shaded a r e a s ) .  1 3- 



Figure 8. June he r r ing  and groundfish ca tch  d i s t r i b u t i o n s .  Upper panel : 
he r r ing  bycatch r a t e  by fore ign  and j o i n t  venture  pol lock bottom 
trawl and "o ther"  bottom trawl (p r imar i ly  P a c i f i c  cod) gea r s ,  
averaged from 1983 through 1988, by l / Z O  l a t i t u d e  by l o  longi tude  
a rea ,  smoothed by dis tance-weighted l e a s t  squares .  Lower panel : 
National Marine F i s h e r i e s  Serv ice  r egu la to ry  r epo r t ing  a r e a s  (51 1 - 
540), contour  l i n e s  of he r r ing  bycatch r a t e s  from t h e  upper panel ,  
and t h e  d i s t r i b u t i o n  of observed fore ign  and j o i n t  venture  observed 
ca tches  f o r  pol lock and "o the r "  bottom t r awls  from 1983-1988 
(shaded a r e a s ) .  13 



Figure  9 .  J u l y  h e r r i n g  and g r o u n d f i s h  c a t c h  d i s t r i b u t i o n s .  Upper panel : 
h e r r i n g  bycatch r a t e  by f o r e i g n  and j o i n t  v e n t u r e  p o l l o c k  bottom 
t rawl  and " o t h e r "  bottom t r a w l  ( p r i m a r i l y  P a c i f i c  cod)  g e a r s ,  
averaged from 1983 through 1988, by 1/2" l a t i t u d e  by 1 "  l o n g i t u d e  
a r e a ,  smoothed by d i s t a n c e - w e i g h t e d  l e a s t  s q u a r e s .  Lower panel : 
National  Marine F i s h e r i e s  S e r v i c e  r e g u l a t o r y  r e p o r t i n g  a r e a s  (511- 
540) ,  c o n t o u r  l i n e s  o f  h e r r i n g  bycatch r a t e s  from t h e  upper p a n e l ,  
and t h e  d i s t r i b u t i o n  o f  observed f o r e i g n  and j o i n t  v e n t u r e  observed 
c a t c h e s  f o r  p o l l o c k  and " o t h e r "  bottom t r a w l s  from 1983-1988 
(shaded a r e a s ) .  
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Figure 10 August he r r ing  and groundf i  sh ca tch  d i  s t r i  bu t i  ons.  Upper panel : 
he r r ing  bycatch r a t e  by fo re ign  and j o i n t  venture  pol lock  bottom 
trawl and "o ther"  bottom trawl (p r imar i ly  P a c i f i c  cod) g e a r s ,  
averaged from 1983 through 1988, by l / Z O  l a t i t u d e  by l o  long i tude  
a r e a ,  smoothed by d i  stance-weighted 1 e a s t  squares .  Lower panel : 
National Marine F i she r i e s  Serv ice  r egu la to ry  r epo r t ing  a r e a s  (511- 
540) ,  contour  1 i nes  of he r r ing  bycatch r a t e s  from t h e  upper panel ,  
and t h e  d i s t r i b u t i o n  of observed fore ign  and j o i n t  venture  observed 
ca t ches  f o r  po l lock  and "o the r "  bottom t r awls  from 1983-1988 
(shaded a r e a s ) .  
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Figure 11. September he r r ing  and groundfish catch d i s t r i b u t i o n s .  Upper panel : 
he r r ing  bycatch r a t e  by fo re ign  and j o i n t  venture  pol lock bottom 
trawl and "o ther"  bottom trawl (p r imar i ly  P a c i f i c  cod) g e a r s ,  
averaged from 1983 through 1988, by 1/2" 1 a t i t u d e  by l o  longi tude  
a r e a ,  smoothed by d i  stance-weighted 1 e a s t  squares .  Lower panel : 
National Marine F i she r i e s  Serv ice  r egu la to ry  r epo r t ing  a r e a s  (51 1 - 
540),  contour  l i n e s  of he r r ing  bycatch r a t e s  from t h e  upper panel ,  
and t h e  d i s t r i b u t i o n  of observed fore ign  and j o i n t  venture  observed 
ca t ches  f o r  po l lock  and "o the r "  bottom t r awls  from 1983-1988 
(shaded a r e a s ) .  14 



Figure 1 2 .  October he r r ing  and groundfish ca tch  d i s t r i b u t i o n s .  Upper panel :  
he r r ing  bycatch r a t e  by fo re ign  and j o i n t  venture  pol lock  bottom 
trawl and "o the r "  bottom trawl (p r imar i ly  P a c i f i c  cod) g e a r s ,  
averaged from 1983 through 1988, by 1/2" l a t i t u d e  by l o  longi tude  
a r e a ,  smoothed by d i  stance-weighted 1 e a s t  squares .  Lower panel : 
National Marine F i s h e r i e s  Serv ice  r egu la to ry  r epo r t ing  a r e a s  (511- 
540), contour  1 i nes  of  he r r ing  bycatch r a t e s  from t h e  upper pane l ,  
and t h e  d i s t r i b u t i o n  of  observed fo re ign  and j o i n t  venture  observed 
ca t ches  f o r  pol lock and "o ther"  bottom t r a w l s  from 1983-1988 
(shaded a r e a s ) .  17 



Figure 13. N o v e m b e r h e r r i n g a n d g r o u n d f i s h c a t c h d i s t r i b u t i o n s .  Upperpanel :  
h e r r i n g  bycatch r a t e  by f o r e i g n  and j o i n t  venture p o l l o c k  bottom 
t r a w l  and "o ther "  bottom t r a w l  ( p r i m a r i l y  P a c i f i c  cod) gears, 
averaged from 1983 through 1988, by 1/2' l a t i t u d e  by 1' l ong i tude  
area, smoothed by distance-weighted l e a s t  squares. Lower panel : 
Nat iona l  Marine F i she r ies  Serv ice r e g u l a t o r y  r e p o r t i n g  areas (511 - 
540), contour  l i n e s  o f  h e r r i n g  bycatch r a t e s  from the  upper panel, 
and the  d i s t r i b u t i o n  of observed f o r e i g n  and j o i n t  venture observed 
catches f o r  p o l l o c k  d  "o the r "  bottom t r a w l s  from 1983-1988 

(shaded areas).  
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